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1. Introduction

Trcpical cyclone forecasters hav: in tne past reliad primarily
on analog and statistical-climatslogical aids £or objzcetivz
quidarce. Ycre recently, dynamical modals have provid=4 routins
guidance for most northern h<misphare +*ropical cyclorzs.
Develcpmant 9f thesa dynarical modals has prograssed such that
dynamical gquidance appears to be comparabl2 >r superior =to =a:z
official foracasts, sspecially beyoad 24 h (Elsbzrry,1979).

Southern hamisphere trcpical cyclone feoracis:s aids gsanerall

~d

have been patterned after those wus2d in the n>rthern a=zmisvpa=

\b

Such t2chniques are hampered by 23 i2ficiency >f aimospharic da=a
near the tropical cyclone and in thz surroundiay c=gion. Aircrz®
reconpaissance has only recsntly bean attempz2d on southe
hemisphere storms, sc that the locations of ¢h: stozm canters ac:
less accurate than for Atlantic and wss=srn aes<h Pacific
tropical cyclones.

Among tha current southern h2misphsrs £forz2cast aids is 22
n==r calizd
TYAN78 (Ocean Data Systems, Inc., 1978), which i35 zn 1pdaz=d

analog method nused by the Jciat Typhoon Waraning C=z

varsicn of *he earlier analog schzmz (Jarcell and Wagon:z, 1973).
Brand and Blalloca (1976) develop=1 a simulat:=1 iralog =:chiigas
callad SWPAC which is similar +o a climaroloygy and p-csist:ncs
mod=l which is us24 by the National Hurcicana Zsp<=r for A*iar+:ic
storas, Tha Auszraliaa Bureau of Yete¢orology a1as devzlzpzd 22
analog scheme called CYCLOGUE as pact 9% i%s cp2ratiocnal juldanc:
(Annett2, 1978). Chong =2t. al. (1980) da2vis=d a -zyc-3ssiza
scheme which prcvided <foracasts #ith small

official Australian Bureau predictioas. Thac: acs curr:intly oo
operational dynamical model focacasts mzde for sou*tnecrn
hemisphere “*ropical cycloass.

Thz Joint Typhcon Warning Capntar (JTWC) a= 5uam ¥was T-iCsuL<

P
~

e

tasked *c expard 1its area of forscast cTasponsibili<y =2 inclui

{4
v

ok~

tropical cyclones in the scuthzarn hzamisphacs, JTWC currcsnsly 1

e . . . . . . PO .
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the analog and statistical/climatologyical aid ircluding TYAW7S8
as quidance in preparing <+hesz forscasts. Th2 success of

dynamical models ia predicting northsrn hzmisphere <cropical
cyclone tracks (Harrison, 1981; Harrison ard - Fiorino, 1982)
indicat2s a potertial for improving forscasts in *he soutaern
hemisphere as well.

During tha 1982-1983 storm seasor, JTWC will begin operazional
testing of the Navy Nested Tropical Cyclone Modsl (NTCH) on
southern hemisphere s<orms. This piper prsserzs ar evaluation of
the NTCH performance for sslect2d storas in thz Aus+ralian ragion
during the pericd of 1975-1980. Thase results should provide a
basis for estimating the performancz of the modi=zl when i* becom:s
opera«ional ir the scuthern hemisphar=2 tropicil cyclone basirs.
Ancther objective of this pauper is to d2¢srmine whathar <he
operationally-analyzed wind £i21ds ia the data-sparse southac:

heaisph 3re are ad:=quate tc support a Aynamical <=ropical cycloas
mnodel. One might expec: “hz southern hemi spher2 storms %o bs aors
difficult to predict because of tha2 early racurva+ture and rapid
polevward motion of many of these sto-ms. On th2 other kand, on=
expects that a dyramical wmodel is aorz likely “o be capablz sf
predicting this *ype of aotion than ar2 th2 statistical =a
analog techniques. This po-ential provides ths ao+ivazion for
testing the dynamical model ian the southzrn hemisphars

2. The model

The NTCM is a thr:a-layer, primaicive=-3qua“ion mod:l with a

moving, +two-wvay interactive fine 32sh grid 2abzddad in a cocarss
grid channel. Details of the NTCM ar: givan by Haczrison (1973,
1981) . The model is currently used for pradicting tracks of rorzh

¢ .
[ )

NN
0

P
o

=
Ei Pacific Ocean tropical cyclones.

;? To facilitatse comparisons wi-a the sor~hsrn  hsmisphecz:
o version, the modsl used in this stuly was chos2n <0 bs id:ntical
ﬁﬁ to th2 northern hemisphera versioa, except for <he =roivial
fi changes necessary for the southert azmispher2 applicatiasn. Thasa
= chang2s include? the Jiraction of =ha Jpogus vir=: spin d <h:
- siqn of the Coriolis parameter. Another a>difiec* {o. ©DLscaas

cr
=
»
Wt

necessary due %0 <he grid structur=z of <he =ropical anaiysis

10
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is available ¢to initialize the aodel. Tha Fleet Numerical
Ocaanography Certer (FNOC) global band analysis is performed on a
Mercator projection from 60°N t5 only 40°s. If <he southern
hemisphere application was siaply 2 mizrcr image of <¢hat in the
northern hemisphere, all storms soath of 13.6%°S would cause the
relocation of the coarse mesh grid to extend bayond 40°S. As the
southern edge of <+he coarse mesh grid must be limited to 409s,
the initial fine mesh grid position that is centered on the storna
location is not constirained to be initially at the same coarse
mesh location, as is the case in <%the northern hemisphere
applicaticn. In particular, the initial position of the fine
mesh grid is aliowed to be considerably closer to the poleward
boundary to fit the coarse grid within the global band domain.
Fortunately, the vast majority of the southern hemisphere
tropical cyclones sxperience a rapid decay well before <they
approach the southern boundary of the domain.

The sensitivity of the model to a fixed coarse mesh boundary
at 40 degrees latitude was tested for three northern hemisphere
cases. An example (Fig. 1) illustrates that the predicted track
with a3 hypothetical 409N coarse grid limit begins %o depar*
significantly from *the standard model forecast after only 24 41 of
integraticn. The reason the .ffects are felt so quickly is <ha<
the application of a free-slip wall boundary corndition during the
initialization and during the integration 4istor<s the wind ani
geopotential fields some distance from the polavard edge of the
domain. When the wall is placed closer %5 the initial stora
location, a poleward moving storm comes into the modified flow
region earlier, La*ar in the integration, the wall affec:t becomss
more noticeable as the boundary condition on the coarse mesh grii
tends to inhibit flow normal to this boundary. As 2 conseguence,
the storm must eventually move parallel (either eastward or
vestward) to the wall. Portunately, this fix23 scuthern Loundary
at 40%°s will no longer be a problem since the global band
analysis is currently beirg extended “o cover *ie enti-s globe.
One might expect “hat the fredictions based on these fields will
be superior to +he tests reported here, bscause “he initial
position ¢f <he poleward boundary zan be placed as far awvay as
desired frcam the tropical cyclone center.

11
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Pig. 1. NTCM forecas:s for typhoon Tip at 90 347 15 cct. 1279
from the _standard northern L=misphec2 mcdel (Ladeilszd
NTCM) acd the shifted fi:2 assh irz: viCsicn liaiziug
the coarse mesh grid o 40°N (labellei IEST).
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3. Model performarnce.

The HNTCM was *e2sted on 185 cases f{fzom 34 sto

r
Australian region which nccurred during 1975-1979. Ar a<tsza
v

Pt Was
made t0 select cases on a randcm basis, aowevzr, <h: availabili-y
of arzchived FNOC data fields fsr <he mod: zation

1 iri<ialii
A
-

dictated to some =2xtent which casas wars selsc:cs

A. Storas east of 135°%,

Mean error statistics fer the casz2s zast 0f 135 E ar=: givsn in
Table 1. Th2 forecast 2rror is d2finzd as <he 3
the forscast position and ¢the corr:spoxding b=zs% *zack posiziorn.
The NTCM performance as mgeasured by forecast =rrer for =h
cases is not as good as in *he :2d>r=hern hemisphate whsra2 %he
forecast errasrs are orn the order of 210, 390 aad 585 km at 24, 45
and 72 h, ra2spectively (Harrison and Piorino, 1982). The N7TCH
performance appears to bs comparable or sligh+%ly sucaricr =<
Brand and Blelloch's (1976) SWPAC analcg =echnigus (243, 501 ani
748 km forecast =rror at 24, 48 2nd 72 h r=asp=zc+ivaly), aud o
Annetta’s (1978)  CYCLOGUE analog (272, 575 and 713 km foreca
ercer a+« 24, 48 and 72 h respectiv:z=iy). It should b2 =mphasizzd
that th2 error s=ta*tistics for thes2: aralog sch=m2s arz b
es (SWPAC hal 41, 43 3123 25 caszs a*%
43 acd 72 h respectivaly; CYCLOGUE aad 43, 22 2234 21 caszs a

48 and 72 h, respectivaly). B=2cause <he s3amol:s arz diffzc=n-=,

much smaller saample siz

ona2 mus*t =2%Xcercise caution in interor2ting =hess =Looz
stazistics.

In 2valuating *he modzl pexformance, i+t i3 us2ful =0 conszd:rs
not only the magnitude of <hz forzcast srrcr, 24= alse how -has
error compar2s to <«h2 actnal distance <h2 storn  has acvzd, Fos
exampl2, a forecast with a 72 h erzor cf 2097 kX1 may b2 considzz=d
good if the s<orm has aovad 500 kxa during <iaa< p=rind. Hdowzvzo,
*he sams 200 km erzor aign=z be regactled as a p>3:z forescast if <a:
storm has amaoved ocly 100 km. The absarv2dq 3isztauncs: (Fig. 2), 2
mpea3ur:z c¢f how far *h2 s*orm has 3oved, a
the best track position and “he ini-<ial s<orn
“hat <this is always smalier than %32 l3ng=n

trafjec=2ry, because of +tne curved pith b2twe2n =h: <vwc -nipoin-=s.

13
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Tablea 1. Mear 2I-ror szatis+ic

cases 2ast of 135%9=,

Porecast e=rror FE (km): 245 407 534

Observed distance OD (kn) s 337 553 3131

)

Ratio FE/CD: <39 «33 33
Right anqgles error (x13): 117 314 460
Speed 2r-ror (kn): 172 2313 134

Number of cas:z=s: 113 115 114
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If tha ratio of the m=zan fcrecast zrror (FE) t- ths mean obssrved

B0 AN s Bte 2on 4

distanca (0D) is less than 1, som2 skill in forecastirng may b=

said to exist. In *he northera heamispharsz, “he NTCHM :zxhibirs
FE/OD values of .58, .55 and .60 a= 24, 48 ani 72 h which can be
regarded as a 40-45% skill in forecasting. For these southern

bemisphere cases, the NTCM for=casts hava only a 17-20% skill.

The right angle error (Fig. 2) is defizz2d as thz rormal
distance from the forecas+® poesition +«o ths linz connacting “he
initial and best track positions. Thus, “% is a1 m2asur2 of h=sw
vell <h2 model ©predicts the direc<ion of %h2 s*orm mc=isn. Th=
distance along this line from the bYa2st track to =h2 in=ersectic:
with the ight angle error line is d<fined 335 zhz spezd acror:
(Fig. 2), because it measures the displacemsnt 2rror that rzsul=s
from the incorrect prediction of storm tramsla“ion speed. The
NTCM has a smaller right arqgle aerror than tha spsad =rror at 24 h
(Table 1), but has a smaller spe=d error ~haa —igh¢ anglz zcrror
at longer forecast times.

Neal (1977) defined five <categyoriss of souchern hz2aisphzr=
stor» motion: southzastvward, souzhwestward, =r=cucvaturz to the
southeast, recurvature to the southwsst, and looping motiorn.
Table 2 summarizes <he NTCM performance accoriiag to :thzss storm
motion categories. Zach case i3 plac2d into a par<icular zatzqocTy
accerding to the subsequeat 72 h b2s* track, <cather “haaax i-=

(]

completa history. Thus, a forecast case from *he earcly 3-ages of
an eastward racurviag storwm which later €its into category 3 may
first have been classified in catzgory 2. Th

[{H

3TCX perforas bes-e,

in teras of the FE/0D ratio, wh2n the stora i3 movisn *o thas
southwast (categqgory 2). One such fors2cast is przcant<ed iz Fig. 3.
The aodel was able +*+o pridict both kirds »>°¢
éi (categories 3 and 4) moderately w2ll. The wcrs: modsl p=tf:

m2nC32
i was in cases of lcoping storas (cat:gory S5S). TIn these cases, *hs
i‘ poor FE/OD ratin can b2 pactially atv+ributad <0 <=hz smell
# observead distances of 1lcoping storms rathar <han to> larcg-s
i forecast errars., S-orms aoviag T3> “hz sScu%azast  (catzdcsy 1)

vere also handled poorly.

The right angls and speed orzor biaszs T=:v2ial som= of <he NTCA

MM AR R T

systematic arzor characteristics. Tha forecasts Jznarally xhibis
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Table 2.
to cateqoriss

(1977) . Th2
is indicated

dovemen<

Catagery

Summaz

relasiopshin cf

in

of s~-o:cm

column

% of

Cas<s

~
.

£ d7CH perforsance <43t 7 1359

hAaae - -~ Fifima? =~
28T ~2al Xl 1ETIUn=N Ny

mcvamans
“he 720

prziic®ion *2 <h: . .2:3% =<rack

1 by a @p svuibol.

18

42

13

Avaraqg= 2i1h* Angl- Sp=21 Zoroos
2/ Rczor Bias Bias
1,03 stron 1ly wigh« sSlnwW

slow

J.A2 13E- (12-357) 3124
tidht (43=Th)
7. 81 122+« of 314
23t *Tack
1.35 Tigut (12-43h) S~y
1ags (53=721)
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a polevard bias ir direction ard slow translation 3p-<:ads.
slov t2ndency is meor2 severe than €for the aar-harn hzmisp
version, which also predicts sterm dirzctiorn vary
(Harrison,1981; Pioriro and Harrison, 1982).
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Th2 differsnce in performance betwaez tha two hamisphsr=as miy
be due to the paucicty of a*aospheric data availzdl: for the FNOC
southern hemisphere analys=s, If data ar= sparses, *+he C2sul<i:zg
analysis fields are based mostly on climatolagy. Th: msaa summ:z
southern hemisphere upper atmosph=rz (for zxamplsz, Pala=r and
Newten, 1969) is charactsrizzd by a subtropical ridgs zx+:znding
froa 160%°E to 170°W which produces a southward or soushwzstwarci
enviroamental flow in <¢he 2as=:rn Australia r=gion. The
persisten® presence of <+his clima+=ological fza%turs in rhe modzl
data could cause <the poleward <*rack direction bias. Such 1
steering flow would also indicate why the mod2l dozs wzll wi<h
cateqory 2 storms but not with catsjory t storas.

B. Storms wast of 1359

The mean error statistics for -he cases west of 135°F a

"

given in Table 3. The forecast 2rro>rs ara saall:r at 24 h azi
larger 2t 48 h and 72 h compared to the zasts-n rCa2gion cas:is
(Tabls 1). Notice also “aat the foracast e-rac/obssc

at 48 2 and 72 h. Th:z NTCHN did not pacform as wall as =
analog (179, 389, and 595 km for=casz 2r:tor 2= 24, 48 azd 7z
for 92, 92 and 66 cases) (Brand and 3l=1lloch, 1976), oc ta=
CYCLOGUE analog &t foracast intsrvals other +han 2= 24 a (276,
481 and 623 ka error at 24,48 apd 72 h Zor 74, 55 ani 32 caszes)
(Annett2, 1978). As poin=2d ou< by ¥eal (1377), 73% o2f -h:
storas in +*he wes%2rn Australia r:z3ion aov: %> <he scuthéest =7
recurve to the <ast versus only 39% of =hosz ia th2 =zaszzeca
region. Thus, ~he storm =tzacks ‘a *as w
unifora in behavicr wnich is an advantage £or 2n310g metihcds ia
this ragion.

It can be seen from “he rigat 3131=: and sp=21 =rcors tha
NTCN model predicts spe2d of transla<izp best2ar =-han lic=z=ctic
Compar=2d to “h® =sastsrn ragion casss, ¢the d=3sra2asz= in for:zcass

19




Tabl2 3. Mean =2rror

cases west of 1359=,

Pall Wl e S

Ty

241K +h 724
Forecast errar PFT (km): 214 511 744
Observed distance 0D (km: 255 4”7 722
Ratio F2/0D: .31 o33 1.32
Right angle 2rrtor (ka): 135 3935 519
Speed arror (xm): 121 237 33)
Number of casas: 53 ni 34
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errcr at 24 h is associated with ac improved spz:d 2rror, ard ths
poorer perforaance at later Zor=acas: times is dus “92 ar iacresasai
riqgqht angle arror.

Alaost half orf ¢he casss in th2 wastern ra3gicrn saample weT=
storas which skirted along the northwest coas* =f Australia, On=2
such case is presz=nted in Fig. 4. Tha NTCM has a very sStzong bias
to ¢the lef- in thes2 cases, which accounts fcr much of <the
forecast errar in the sample. Thke poor performanca of +he NTCHM in

these cases is somewhat surprising, since thz NTCM handlzad rhis

track *ype (Table 2, catagcry 2) vary well £or tus storms zas:t »f

Australia. If the steering mction in the mod2l da-a is corrsce
Q; in these cas2s, then onshore mction >f these cases should resul-.
5 One wculd expect rapid dscay of th: storms in such =vents. Iz %h:
N actual cases, the storas do rot mov: onshors, apparen“ly baczus=:
t! that por+ion of the circulation which remains 2v:r the warm ocean
f heat source is sustained. Thus, therz may be a propagatica of =a:
& circulaticn along the coast due to continued rsdevelopment ovar
- this ar-za. The NTCM would be unable to simulz<=2 tais prccess

since it does nc* include such differential ica*ing dus =
land/ocean affects.

Q

C. Compariscn with TYANTS

The Jcint Typhoon Warning Centac in Guam ha= us=zd 2n analcy
method named TYPOON since 1970. Tha schem= has sines undzcgens
several updates acd amodificatiens, th=z maos* rec3int <¢f waich is
called TYANTS,. The scheme currently providss gquiilancs <£for *i:
northwest Pacific, northeast Pacific, sou<hvwast ?Pacific,
southwest Indian and north 1Indiaz Ocean regions., Rscords o2
TYAN78 performance in the southwesst Pacific ar=s a3+ availacl:,
Recen*+ performacce of the analeq 11 *hke gorthwzs=s 2acific r=3iua
indicat 2s average forecast errors of 2u0, 45) azd 685 xm at 24,
48 and 72 h, respectivzly (Annual Typhkaon Ra2pscs, 1379; Aznuzl
Tropical Cyclcne kepors, 1980-1981).

To 2valuat2 NTCM performance varsus TYAY73 in <h2 scu=hwss<
Pacific region, the analcg tzchniqus was run £5r =k cas:ss in =h-=
NTCH saaple. Because TYAN7B raquic:s 43 h of pre=visus Josizis

3 n
data, some cas28 coull not be -un. TPh233 €13:3 11V=2 e =0 TEMoV:l

21
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Pig. 4. NTCN forecast for cyclone Trixia at 09 GMT 16 Feb 1978.
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from ths NTCM sampliz, as were ca2s3:s for which 2nalogs could nos
be found on the rzcord tapss. Thus, the f£o2llowizg compacisons ars

for a homcgeneous sample.

The mean s2rror statistics for =ha NTCM and TYAN78 cas52s zas:
of 1359E are presented in Table 4. Thz aumbar 5f cases 1
for comparisorn is considerably smillar <than <I5: <he
saaple, especially at 72 h. Th2 NTCY errox stazis=ics are =i
to thos2 cf the tctal sampie (Tabls 1) despitas <hsz small:z:r szap
size. The analog method p<rforas Diatter in =szms of *he
error and FE/OD ra*io than the NTC¥ a<+ 24 h, absu= +h
h, and wecrse a*t 72 41 (Table 4). Thus, tae 3analoy met
progressively worse as +he forecasts move farther f£froa
initial and 48 h history pcsi<ticns upon which they aras based.

The mean NTCM and TYANT8 erzor s+*atistics for a aomogenzcus
set of cases west of 135°E ara pressznted in Tabls 5. Agaia, <h:
nuaber of cases in the homcgensous sample is much saallac +han iz
Table 3. The NTCH erctor statistics ares soaewhat d2grad:d
relative to those of zhe tctal sampi2 (Tabl2 3y =2spzcially az 44
and 72 h. FPurthermora, <¢the TYAN78 ressults are mu
the NTCM in ztermas of *the forecast :rror and F2/ND ra=iss az all
forecast times (Table 5). Thus, <he TYAN7S pzsriora
the westarn region cisas as did <h2 CYCLOGUZ anid
techniqyues.

Th2 3outhkarn btkemispher: TYAN73 periorms much Dbe<t-r on =h:
vestern region cases than 1% gJ:zn2rally 4id1 in -he 2rocz=hecn
bemisphere. This may be dve %o th2 mor2 unifosrm bzhavior cf =z=
vestern reqion casas as mentionzd eariisr, or 2lsz tha- <is

saapls is too small for valid ccmpari sors.
D. Comparison with TCWC official for2casts.

Records of official foracasts aala by +th2 Aus+czlia:c 3urczau £
Meteroloqy Trcpical Cyclene wacraiag Cenwzas (TCAC) ar+ ne-
readily available. Anpette (1978) included Hfficial and ZYICLOGGR
forecas< error s*a*tis~ics for fiva storas durizqg 1970-1377. Tatl.:
6 suamarizes the NTCM prefcrmance oa these storas (minus “ropical
cyclone Ted, for vwhich PNOC data 42r2 unavallaonlsz) v=arzul <h=
TCAC cfficial for:cas=s and CYCLOGUE forzcas*s.

23
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Tabl= 4, Mean 2r-or s*atistics for 2z nomdgsnsnu3 csaapl: of
southern hemisphere NTCH! ani TYAN73 cases 2as= o9¢F 135@ 7, y7c+
statistics ar2 to %h2 lef< of the slash; TYIYT73 -0 =-: ciza-.
Q4 434 T2k
Forecas* errar FT (ka): 2477206 45274143 ET79/747
Observed distance CD (xa) : 335 511 375
Ratio FR/0D: e7u/s02 eT14/.73 e 13/.145
Right angle arror (km): 143/139 317334 429,573
Spaed arrcer (km): 173/129 272/25% 436 /4914
Numker .£ cas-=s: 73 33 3
|
i
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The NTCMN does as wsll as the analog =3chnijus a3z 12 &,
However, CYCLOGUE parforms progressivsly bett=r a= 1
times, with especially noveworthy pszrforman
and Led. It should b=z noticed tha+ all of
proximi+ty of the coasz. Evsn so, th= NTCM =2
about the same as *te official forzcast 2rzors at

4, Post-Proc2ssinc of Model Porzcasts

Blsberzy ard Frill (1980) propss:1 2 statisrtica
post-processing the t-opical cyclorz wracks of =hz FNOC Izcpical
Cyclorne Modal (TCY) . The <echaiquz wus:s aulzipls lircar

regression equaticns o remove sys<2ma%ic bias iz  “he TCM +rack

forecasts. The predictors used iz “h: zguatinsas ars +th: storms'
initiai latitude and longi+ud= plus various zonal aznd m=cidional

i
compon=sn=s oOf ~he model-przdic+:3 storm displacem=nt aad
velocity. The most important prszdiz%nrss ars these which oszsuls
from comparison c¢i the bDpest track with =hs €£orzcast fcund by
integraticn 2f the model backward ia tima.

Peak and Elsberry (1931 applizl <he samz2 “=zchniqus ¢ =hs=
£ +rhs NTCHA, buz wi*h

extrapola<ion pcsitions instead ~E backwvar: in<wzgrazio:z
T

nortnern hemispher=s version o

positions. The <=cchnigue decr=zaszd t

by 110ka. If csys+t:=zmatic bias 1o3s axis= in hs sSecu=hzT
heaispaesre tcacks, ~hs sam

forecas:ts.

A. Bast of 135°E.

The error bias characeazistics of «h2 son*hzcn hznispaszse §7CH
forecasts east of 135°E arz shown ia Tabl: 7. [h=z rumbss 2f cas:s
is sligh<tly smallsr because thos: cis:s without a 36 h hiz<coy

1
are inappropriate for “he fpostpoc:ssiag

schsm: znd wzr= r:acved,
Thus, *he forecast erro:z for ~-hes: c¢cas=:s Iz 31lsc sligh=zly
differzent £from <thecse of the to=al sampls: (Ta-l: 1. Th zonal
error bias (Table 7) indicates tha-w ~-t2 farzcas=s have a1 3=-Cn?

bias “o0 *the 2ast 0f <che btes< +rack, 2gp=cially a= 72 . Tas
meridiosnal 2rror tias indicates a sligh: so

27
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Tabla 7. Maans (X) andl s<=andard i:viatiors (@) (k2) 27 fcr:icass
errtor and zoral and amsridioral z:rror Liasss of all 3-cu-iarn
hemisphere NICA cas>s zast of 135@=,
NTCH® ERZOR DIAS
Forecas*t Numbsr Foracast AL waridional
Time (h) onf Cases Irror Ed o X g
: 12 110 137 -3 119 3 a7
| 24 110 249 -53 213 -4 153
o 36 1190 367 =71 3% 29 263
S
N -,
o 48 118 473 =33 4Nz 29 342
u 60 1190 531 -57 542 -5 4013
o 72 1190 729 -95 523 =54 429
u’?
ke
P~
p.
-
=
bo
9
5
28
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48 h and a northward bias at 72 h. This is similac =2 *ks bias of
the ror<hern hemisphere version, 2lthough th2 2zornal =rco»
larger, as is the 72 h meridional bias.

The 110 cases ar2 randcmly divided in%o a 73-case despendern=
sample and a 37-case independent sample. I« can bz s2er in Pig. 5
that the systempatic zonal and wmerilional bias %rzands ar= similac
between the sampl:zs, alt hough the zonal error is largsr in %*he
dependent sample and <“he 36-438 4 meridional =zrzor:z of a
independent sample ar= positive, Thes2? differencss may indica<«:

the reca2ssity of a larger sample.

Zoral and meridioral regrsssion :3Juacions wsre d2rivzd for ths
dependent sample. The reduction ia varianc2 by +ias ragrzssica
equations ranged from 29% *to 62% ani aviraged 47% educ=io
in variance is ccnsiderably grsat2r thaa that of <he r:agrassion
equations derived for the northera hemispherz vzzsion (P=ax
Elsberry, 1981). The regression s3cheme ganarally reducss hoza
the means and standa=-d deviations of <thz zonal acd m di
error biases in tka indepsendent sampl: (Tabl: 8). Scaz slight
increas2s in bias result ftom the 1iffsrent bias charactarcis
of the samplas.

The mean ITCH for=acast errcrs >f the iadspen
and without =“he rTeqgr2ssion adjusta2nt arsz abo
coaparable errors from the depandent sarpie (
processing decreases +*he man forzcast ertor
saaple by 63 km a= 12 h to a maximum of 152 ka z2* 72 n. Th= sanme
error decr=2ase occurs on the ind:pendent saaplz =xc=zpt Loz 2
smaller 122 km decrease a* 72 h. Thus, thz NICY foracast 3:II0D=
with statistical pos:-processing iras censilerably lass suan for
the TYAN78, SWPAC and CYCLOGIUE analogs. Ph: improv=za:n4 in
forecast error reduces the P2/0D razic =o .03, .52 acd .69 a= 24,
48 and 72 h. Ap example of ti2 forzcast iapoovemca* mads by +he
reqression schese is prasantzd in ?Piz. 6.

Scattarplots cof <thz unmodifi=2d i-3szpendza~ rample fcoroccass
ecrors (Fig. 7) caveal that <=he -2g9r:ission schamz iampodves <he
forecasts of almest 75% of -he 2is-s  aw 24, 43 ani 72 k.
Differ2nz bias characteristics betéaer =h2 depani:zn: ant
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Table 3.
hemisphare

iTCcy :

biases befecrz and

135°z,

Porecas*

Tima (2)
12
24
36
43
60

72

37

37

37

37

37
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Tabla 9. ¥ears (x) 2rd s<aniari da:via<ioLs (@) (xz) >3 z:1-.:%:=
hemisphzre NT7CM Zor=ciast =rrers na3f-r: anl 2fe=vr <wzyvsszion
msodifica*tion for cas2s 2as= of 13397,
ITIENWDINT F3i4PLE
Forecas: Ngater 1TCH CIGTTSE T
Time (h) of Cases X o < a
12 74 136 74 Ta “ 3
24 74 253 125 179 33
36 74 376 173 277 156
438 T4 474 254 352 211
60 T4 382 317 447 204
72 74 793 373 "5 1 115
TNDIDINDIND 3as2LT
Forecast Nuaber uTCH TIsRIS33ITN
Time(h) of Cases X (o pd 3 g
12 37 w3 73 ~3 <+
24 37 263 11 174 SR
36 37 370 2292 27 175
48 317 4o 3 213 343 lad
69 17 34 349 44 295
72 17 na9 431 577 1%,
32
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ipdependert sampl:s accoun*s for th: slight 3ajyzadaction 3£ 253 »of
the cases.

B. West of 1359E.

The error bias <characteristics of th2 avplicabls souti=rn
hemisph2re NTCM forecasts west of 13592 arz shown in Taole 10.
Thare i3 an eastvard bias from 24-43 h azd 2 vary larg= vestward
bias at 72 h. The meridicnal OSias indiza

tt

3 a V=2IYy 1irg:
southward bias tha* izcreases with <inm=, Cas 4i<h such strcng
th= samall

L}
foraanca of

w
Us

bias should be improved by the postproczassing; however
sample size in <the wsesstern region mnay hind=r =<hz: per

the scheme with independent data.

The 52 casz3s are divided intoc a 35 casz depend:zrt s
17 cas< independert sample. The systamatic zonal and meridiona
bias trands of th2 samples (Fig. 8) are similar up %o 48 h., Therz2
is a swmallsr indzpendent sample a:ridional bias a<= 60 and 7
and a smallar 72 h zoral bias. The 60 h 2z>nal biaszs ac: of
opposite sign. These differences are probably due <¢ <ne sazmail
saaple size.

Zonal and meridioral reqressior =gqua<ions wzr- deriv=d for <kh:
dependsnt sample. Tas reduction in variancs by =h2 =2jua<=ions
ranged from 26% 4o 9% and averaged 537%. This c=uauctiorn iz
variance 1is 1larger <han +that €or -h2 =2a
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possibly due +¢ ~he «<xtrime sys+<zma<ic bia
direction.

The regrassion schsme i3 genseralily sSuccsessful az ceducing =hs:
means ard standard deviations of <he Indepecizn: <amovl:
(Table 11). The schz=me performs pooriy whar:z <=hare
differznce berween “he depimdent and indep=snizn* samples, walichk

again indicates +the need for a iarqsr saapl=z.

Thz mean forec2st =2rrozs of th: iadapendans zaapl:z aze aben~

the sape as for “he depetder* sample from 12 <

2
considzrably smwalier from 48 *o 72 h (Tablz 12). Ths: pocg:-
processinq decreases “he forecast zrzsr in th: dspsendsne saapls:
by 40ka at 12 Lk up “o 560km at 72 h. Ths 1ini=-pend=n=s sampl:
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Tabla 10, Similar =0 Tabla 7 oxcep= for cas-3 wass o7 13303,
IPCY TxaANn3 RBRTAS
Porecast Nuaber Forzcas= Zonal wzrilicnal
Time (h) oOf Cases Irrnr X o X qg
12 52 121 11 91 22 71

24 52 235 =290 162 125 AR R

36 52 359 -1 253 2313 174

48 52 532 =55 361 314 271
60 52 631 1 52% 444 313
72 52 753 34 5a2 439 R
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Table 11,

Forecast

Time (h)

AR Y

12

24

36

48

60

72

...... PR WP SEE RN - N

e Naas nau Mas i Swie JuasAeus bWl Jeren st el Tt Sl A Saetd T T Te T T T W

Similar

Number
of Casses
17
17
17
17

17

17

. N - . .- «~-0
<0 Tabla R axcapv=s fcer c23:5 43ast 28 1357 I,
HTCH S_2GRI3ZTOY
Zonal #ariiicnal Tonal Anridignal

¥ ¢ ¥ o« T 0o 7 @

33 2 71

-24 165 134 -3

-13 2617 15) 154

-44 343

34 sa2 33y 274 -32 435 -3) 214
42 555 447 420 -13F 561 =32 W17
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Table 12.

Porecast

Time (h)
12
24
36
48
60

72

rorecas=:

Tiae(h)

Similar to

Number

cf Cas=s

35

35

35

31

25

dnakberc

of Cases

Tabl2 9 axczpe for

aTCa

39 5)

203 114

335 14)

559 222

739 314

791 340

Iy e s
TN ZETEN

12 17 1S 51

24 17 1983 13}4

36 17 7 154

43 15 433 23

60 15 532 251

72 15 72N 354
39

35 27
122 tIR)
174 T
214 122
233 175
231 121

3ad2L32

- e eman e e -

=5 23
174 ‘
257 123

443 HER

571 277
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forecast error are reducticns are 40km a% 12 h axd increasing <o
167km a+ 48 h. The error zeduction th=an decrzaszs %o 138km at 72
h. The <forzcast errors arz raduc:zi by th2 Dodcst-procassing =o

3UE araloguzs. Th=

values smaller ther the TYAN78, SWPAC and C
improvement in forecast arror rzducss F
and .73 at 24, 48 and 72 h. An =xampl:

f *hz £foreca
improvzmen- made by the regression scheme is in Fig.

9'

Scatterplots of th2 unmedifizd independzat sample: forzcas-<
€rrors versus the ragrassion modified fcrecast zrrors (Fig. 1)
indicate that 75% of the r2gression moilifi:d cases have spall:s:
forecast errors <han the unmodifizd cases a: 24, 438 and 72 h.
Unfcrtunately, four cases of <9xczilerns 72 h AITCY for=scasts dars
deqrad=d by the application of the ragrassion 2djustaen:.

5. Summary and Conclusions

The perfcrmance of the Navy Nest2d4 Tropical Cyclone amodel is
evaluated for southern hemisphere zropical cyclonazas. For 3%
east of Aus=ralia, the NTCM mean foracast error is g
than th2 SWPAC and CYCLOGUZ analog masthods. I
comparison wi+th TYANT7S, the NTCM <tracks war=2 woIse a2t =a

e
a hem

&)

forecast tiaes ard better at la<:z forscast <imas. iasst A~f
Australia, the mcdel gensrally p-zformsd 4crs< <haa *“h: analog
techniques. in 3 1liai%ed comparison of 12 ani 24 a fore=cas:s,

*he NTCM had =rrors compartable %o =<h2 TCAC official for:zcasts.

The NTCY <tends “o havs a polawazd dic=c=in
predicted tracks. This bias may b2 at=wriputz1 =0 <he lack =f
observa~ions, wnich causas <“he analysis scasa2 <o czvirs =2
climatological v2liu=2s. The NTCY z3lsc 411 s92+ ZsT=cass  s=oTa

tracks well n=2ar <he Australia coast, 2spzciiliy iz the wsszaon
)

cases, presumably due +to lack of coasilzraziosr of 1land/s:za
effects in the medal. I+t appears from  th2sz r=z1l%s <hat “ha:
NTCM, despite the paucity of atamaosphzric da=s, lces snhow zom=

skill <in predic=ing <tracks of s>u*iara Lamisvasz: toopical
cyclones, but ¢t <0 <*=he ext=za= observzd iz the ozt

hemisphera.

Sta*istical pos“-procwssing of =h2 aodel £>r-casts z:@:3ui-3 i
a sigrnificant reduction in aean £aracast =IrdTs. In =h2 cegicn
40
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e2ast ¢f 135 B the mean errcrs are improv=d by 135 much as 150k

72 h. The westerr region forecast improvemsnt 15 =ven jrea%-:o,
such that th: regrission mcdifisd NTCM forzcaszs ar: suaperio
the aralecq forecasts.

It must bs stressad that <+his avalua+tion is prelinm
can only be used as an indicator of ths furur: cpsratio
performance of the model. A aumber 5% factors, in n

c
of less accurate warning trmack fix=s and <ths uss oZ
band analysis scheme will have a significazt i C
+time NTCM fcrzcas+s. Nevertheless, <he rezsulzs
are an 2ncouraging indication that zhe cperatiszaal Zaplzemazns
of the NTCM will le2ad ¢o improved southzra azmisphe

cyclon2 warnings.
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